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Key messages
What is already known about this subject?
 Ź Poor health is associated with early work 
exit. Early work exit and poor health are more 
common among lower educated workers.
What are the new findings?
 Ź Poor self- rated health, functional limitations and 
depression were risk factors for early work exit, 
especially for disability pension. Educational 
differences were found in the effects of poor 
self- rated health and functional limitations, with 
stronger effects in the lower educated workers, 
in England and the Netherlands.
How might this impact on policy or clinical 
practice in the foreseeable future?
 Ź Because poor health is more common and 
health effects on early work exit may be 
stronger among lower educated workers, 
targeting this speciic group in health policy and 
interventions may be successful in decreasing 
the rate of early work exit.
ABSTRACT
Objectives Previous research has shown that poor 
physical and mental health are important risk factors for 
early work exit. We examined potential differences in this 
association in older workers (50+) across educational 
levels.
Methods coordinated analyses were carried out in 
longitudinal data sets from four european countries: 
the netherlands (longitudinal aging Study amsterdam), 
Denmark (Danish longitudinal Study of ageing), england 
(english longitudinal Study of ageing) and germany 
(german ageing Survey). The effect of poor self- rated 
health (Srh), functional limitations and depression 
on different types of early work exit (early retirement, 
economic inactivity, disability and unemployment) was 
examined using cox regression analysis. We examined 
educational differences in these effects by testing 
interaction terms.
Results Poor physical and mental health were more 
common among the lower educated. Poor Srh, 
functional limitations, and depression were all associated 
with a higher risk of early work exit. These health effects 
were strongest for the disability exit routes (poor Srh: 
hrs 5.77 to 8.14; functional limitations: hrs 6.65 to 
10.42; depression: hrs 3.30 to 5.56). in the netherlands 
(functional limitations) and england (functional 
limitations and Srh), effects were stronger in the lower 
educated.
Conclusions The prevalence of health problems, that 
is, poor Srh, functional limitations and depression, was 
higher in the lower educated workers. all three health 
indicators increase the risk of early work exit. in some 
countries, health effects on early exit were stronger in 
the lower educated. Thus, lower educated older workers 
are an important target group for health policy and 
intervention.
INTRODUCTION
To address the economic challenge stemming from 
population ageing1 and ensure the sustainability of 
social security systems, many countries are encour-
aging older workers to delay retirement by raising 
the statutory retirement age and closing early retire-
ment options. However, prolonging working lives 
may be challenging, especially for workers with low 
levels of education. Several mechanisms through 
which poor health influences early work exit have 
been identified in qualitative studies. First, some 
workers feel unable to work at all or perceive a 
decline in (future) workability due to health prob-
lems.2 3 Second, some workers express fear that their 
health would decline even further if they continue 
working and choose instead to exit the workforce 
to preserve their health. Third, workers with poor 
health may feel pushed out by their employer.2
Low education has been shown to be associ-
ated with on average more physical46 and mental 
health problems79 as well as lower life expec-
tancy.10 Because poor health is a main determinant 
of work exit,1114 social inequalities in health may 
result in unequal opportunities to extend working 
lives. Empirical evidence suggests that people with 
low levels of education tend to exit the workforce 
earlier.1517 Research on the differential influence of 
health on early work exit across educational levels 
is limited and results are inconsistent. Some studies 
concluded that the association between poor health 
and work exit is stronger in the lower educated,18 19 
while others found opposite results, with stronger 
health effects in higher educated workers,20 or no 
educational differences.21 These studies differed in 
the countries examined and in their measures of 
health and work exit.
On the one hand, compared with lower educated 
workers, higher educated workers tend to have 
lower physical work demands,22 a stronger attach-
ment to work,23 are more able to make changes to 
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their work environment,23 and have a higher sense of control,24 
meaning that they will be on average better positioned to 
continue working, even with health limitations. Therefore, it 
might be that poor health affects early work exit more strongly 
in those with low compared with those with high levels of educa-
tion. On the other hand, higher educated workers may be more 
inclined to retire early to preserve their health2 and are more 
able to do so financially than lower educated workers.
Despite solid evidence linking poor health to early work exit, 
previous research has several limitations. Most studies have not 
examined the modifying roles of educational level and have 
focussed on either physical or mental health, offering an incom-
plete understanding of how different aspects of health influ-
ence early work exit across workers with different educational 
levels.12 23 25
In the current study, we investigate how different health indi-
cators affect early work exit in low and highly educated older 
workers in four countries.
METHODS
EXTEND is a cross- national collaborative project which aims 
to examine inequalities in relation to extending working lives. 
In this study we included data sets from the four participating 
countries in this project: the Netherlands, Denmark, England 
and Germany. These countries were included in the EXTEND 
project because they all have a strong focus on closing early 
retirement options and have high levels of employment among 
older workers. By adopting a coordinated analysis approach, the 
aim was to maximise generalisability.26 As such, by doing the 
exact same analyses in each data set and using similar variables, 
differences between countries are likely due to differences at the 
country level and not differences in methodology. If results are 
consistent across countries, there is evidence for generalisability 
to different national settings.
Sample
For the Dutch sample, data come from the Longitudinal Aging 
Study Amsterdam (LASA).27 LASA is a nationwide ongoing 
longitudinal study in people aged 55+, with follow- ups every 
3 years. Data from the first (respondents aged 55 to 84 entering 
the study in 1992 to 1993), second (new respondents aged 55 to 
64 entering the study in 2002 to 2003) and third (new respon-
dents aged 55 to 64 entering the study in 2012 to 2013) cohorts 
were pooled for the current study (n=1295) and all waves 
through 2016 were included.
Denmark is represented by the Danish Longitudinal Study of 
Ageing (DLSA), which is merged with Danish register data on 
labour market exit. The study focusses on people aged 52+ and 
consists of four consecutive waves with 5 years between each 
wave (1997, 2002, 2007 and 2012) and with respondents born 
in the years between 1920 and 1960.28 Starting from 2002 a new 
cohort was added at each new wave. In the current study data 
from all waves (n=4721) were used.
The English data come from the English Longitudinal Study 
of Ageing (ELSA), a study of a large representative sample of 
men and women aged 50+.29 The study began in 2002 and the 
sample is re- examined every 2 years. For the current study, data 
from waves 1 through 7 were used (n=4508).
The German data come from the German Ageing Survey 
(DEAS), a longitudinal survey of the German population aged 
40+, which started in 1996.30 Further waves followed in 2002, 
2008, 2011 and 2014, with new cohorts added every 6 years. 
Data from four waves since 2002 were used in this study 
(n=1203). Wave 1 (1996) was excluded because data on func-
tional limitations were not available. For this study we included 
respondents aged 50 years and older to maximise cross- country 
comparability.
In all data sets respondents entered our analysis at the first 
wave in which they reported having paid work and were followed 
up to 15 years. This could be the baseline measurement or a 
follow- up measurement, on whichever the respondent reported 
having paid work for the first time in the study. Further inclu-
sion criteria were being at least 50 years old, being younger than 
the statutory retirement age and having at least one follow- up 
measurement after reporting having paid work.
Measures
Dependent variable
The dependent variable was early work exit, defined as having 
no paid work after reporting having paid work at the previous 
wave and not having yet reached the statutory retirement age. In 
all studies, work exit was self- reported and could have different 
reasons: early retirement, disability, unemployment or economic 
inactivity (those leaving the labour market but not receiving 
income or benefits, for example, homemakers). In Denmark data 
on the economic inactivity route were not available.
Independent variables
Educational level
The International Standard Classification of Education 2011 
(ISCED 2011) was used to categorise educational level into three 
groups: low (up to lower secondary education, ISCED 0 to 2), 
intermediate (upper secondary education or post- secondary non- 
tertiary education, ISCED 3 to 4) and high (short cycle tertiary 
and higher, ISCED 5 to 6).
Self-rated health
Self- rated health (SRH) was measured with the question How 
is your health in general? with response options on a 5- point 
Likert scale. Responses were dichotomised into good/excellent 
SRH and less than good SRH.
Functional limitations
Data on functional limitations were available in all data sets, but 
different measures were used. The Dutch study used six items: 
cutting ones own toenails, dressing and undressing oneself, 
sitting down and standing up from a chair, walking outside for 
5 min without stopping, walking up and down a staircase of 15 
steps without resting and use of own or public transportation. 
Five response options ranged from yes, without difficulty to 
no, I cannot.
In the Danish study functional limitations were measured 
using six items: walking around in ones house, cutting ones 
toenails, walking on stairs, taking clothes or shoes on and 
off, taking a shower/wash oneself and walking outside. Three 
response options ranged from able alone without difficulty to 
no, I cannot.
In the English study functional limitations were measured 
using five items: bathing, dressing, eating, getting in or out of 
bed and walking across a room. Respondents had a functional 
limitations score of 0 to 5 representing the number of activities 
they reported any difficulty with.
In the German study functional limitations were measured 
with the SF-36 scale. Ten items were included: moderate activ-
ities such as moving a table, climbing several flights of stairs, 
bending or kneeling, lifting and carrying groceries, walking more 
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than one kilometre, walking several blocks, walking one block, 
eating meals and drinking liquids and bathing and dressing 
oneself,31 with three response options ranging from limited a 
lot to not limited at all.
All scores were dichotomised into having no functional limita-
tions, that is, having mild difficulty or being somewhat limited 
with zero or one out of at least five items, and having functional 
limitations, that is, having difficulty or being somewhat limited 
with two or more items.
Depression
In the Dutch, English, and German studies, depressive symptoms 
were measured with the Centre for Epidemiologic Studies Depres-
sion Scale (CES- D).32 The scale consists of 20 items covering 
depressive symptomatology experienced in the past week. In 
the Netherlands the complete scale was used; in England (eight 
items) and Germany (15 items) shortened versions were used. 
There are four response options ranging from 0 'rarely or never' 
to 3 'mostly or always'. Higher scores indicate more depressive 
symptoms. The clinical cut- off scores used to indicate depression 
LQHDFKFRXQWU\ZHUHDVIROORZVWKH1HWKHUODQGV(QJODQG
*HUPDQ\,Q'HQPDUNRQHLWHPZDVXVHGWRPHDVXUH
depression: Did a doctor tell you that you have - or within the 
last year have had - a depression?.
Control variables
We controlled for year, region (not available in Denmark), base-
line age, partner status and the number of working hours.33 In 
Denmark and England, partner status was categorised as no 
partner/partner retired/partner not retired. In the Netherlands 
and Germany, partner status was categorised as partner/no 
partner, because no information on the retirement status of the 
partner was available. Number of working hours was categorised 
into four categories representing the most common part- time, 
full- time and more than full- time working hours in each country. 
In the Netherlands categories were: 1 to 15, 16 to 31, 32 to 40, 
LQ'HQPDUNWRWRLQ(QJODQGWR
WRWRDQGLQ*HUPDQ\WRWR
WR
Missing values
If the percentage of missing values on the independent variables 
exceeded 5%, we used multiple imputation, assuming missing-
ness at random. All independent, control and outcome vari-
ables were included in the imputation process and the number 
of imputations was equal to the percentage of incomplete cases 
(table 1, first rows, last column). Imputed outcomes were deleted 
afterwards.
Statistical analysis
To examine the association between health and early work exit, 
we used Cox regression analyses, with age as the time- scale, 
accounting for clustering due to repeated measures and for 
delayed entry, that is, respondents enter the risk set at the age 
of study entry, given that they have reached that age without 
occurrence of the event.34 Those lost to follow- up without 
work exit or still working at the end of the study period were 
censored at their last available wave. Those reaching the statu-
tory retirement age while still at work were censored at the stat-
utory retirement age. We conducted cause- specific analyses in 
which in each model one of the exit routes was the event while 
the other exit routes were censored. Because of small sample 
sizes, we could not conduct cause- specific analyses including 
interaction terms between health and education in each country. 
These interactions were therefore tested in analyses with total 
early work exit as the outcome, that is, all exit routes taken 
together. We reported results for the total sample of workers 
in each country as well as results stratified by educational level. 
In case of a significant interaction (p<0.1035), we conducted 
additional cause- specific analyses, if possible. If there was no 
statistical support for an interaction with education, education 
was included as a confounder. SRH, functional limitations, 
depression, partner status and number of working hours were 
included as time- varying covariates. Results are reported as HRs 
with 95% CIs.
RESULTS
Characteristics of the samples can be found in table 1. A higher 
percentage of workers with less than good SRH and a higher 
percentage of depressed workers were found in Germany and 
England, compared with the Netherlands and Denmark. Func-
tional limitations were most evident in the Netherlands and 
Germany. Early retirement was the most frequent exit route, 
followed by inactivity (unemployment in Denmark). Involuntary 
exit routes, that is, disability and unemployment, were more 
frequent among the lower educated.
Table 2 shows the associations between the health indica-
tors and each exit route. Health effects were strongest for the 
disability exit route. All three health indicators substantially 
increased the risk of exiting the work force early through 
disability, in all countries. Health effects were also evident for the 
other exit routes, although less pronounced. The risk of unem-
ployment was higher among workers with poor SRH compared 
with workers with good SRH. In Denmark and England, results 
also suggest an increased risk of unemployment among workers 
with functional limitations and depression. Functional limita-
tions and depression were also associated with a higher risk of 
becoming economically inactive. Additionally, poor SRH, func-
tional limitations and depression were associated with a higher 
risk of early retirement, except in the Netherlands.
In table 3, the associations between the three health indicators 
and total early work exit can be found, for the total sample as 
well as for each educational group separately. Statistically signif-
icant educational differences (in bold) were found in the Neth-
erlands, Denmark and England. In England, poor SRH was a 
stronger risk factor in low (HR 1.66, 95% CI 1.34 to 2.05) and 
intermediately (HR 1.47, 95% CI 1.24 to 1.74) compared with 
highly (HR 1.18, 95% CI 0.93 to 1.50) educated workers. Addi-
tional cause- specific analyses on the effect of poor SRH showed 
educational differences in the effect on early retirement, with a 
stronger effect in the low educated workers (HR 1.46, 95% CI 
1.06 to 2.02) compared with those with an intermediate (HR 
1.11, 95% CI 0.89 to 1.38) and high educational level (HR 1.05, 
95% CI 0.78 to 1.39). Furthermore, having functional limita-
tions was a much stronger risk factor in English workers with a 
low (HR 2.67, 95% CI 1.65 to 4.34) and intermediate (HR 3.00, 
95% CI 2.06 to 4.36) education compared with highly educated 
workers (HR 1.30, 95% CI 0.46 to 3.66). The percentage of 
highly educated workers with functional limitations was too low 
to be able to conduct cause- specific analyses.
In the Netherlands, having functional limitations was a risk 
factor in the low educated workers only (HR 1.50, 95% CI 1.08 
to 2.09). Additional cause- specific analyses showed educational 
differences for the disability exit route only (low: HR 10.50, 
95% CI 4.81 to 22.91; intermediate: HR 7.34, 95% CI 1.59 to 
33.95; high: HR 1.93, 95% CI 0.22 to 17.24).
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Table 1 Characteristics of the samples (at the last wave before work exit/censoring)
Education
Low early 
exit Censored
Intermediate 
early exit Censored
High early 
exit Censored
Total early 
exit Censored
% missing 
before MI
Sample size (n)
  The Netherlands 221 354 100 206 122 292 443 852 0.4
  Denmark 429 335 1126 1172 644 1015 2199 2522 3.6
  England 349 1120 551 1584 296 608 1196 3312 8.5
  Germany 57 80 144 328 157 437 358 845 0.9
Male (%)
  The Netherlands 53.3 55.7 56.7 58.1 64.9 64.6 57.2 59.3 0
  Denmark 40.3 55.8 51.6 59.1 43 54.4 46.9 56.8 0
  England 55 46 55.7 51.8 71 54.1 59.3 50.2 0
  Germany 31.6 38.8 48.4 47.3 48.4 54.2 45.3 50.1 0
Partner (%)
The Netherlands 0
  No partner 17.8 17.5 15.1 18 15.1 18.1 16.5 17.8
  Partner 82.2 82.5 84.9 82 84.9 81.9 83.5 82.2
Denmark 2.5
  No partner 27 31.9 21.5 25.1 25.1 27.9 23.6 27.2
  Partner not retired 44.8 45.4 47.6 55 45.1 53.2 46.3 53
  Partner retired 28.2 22.7 30.9 19.9 29.8 18.9 30.1 19.9
England 5.1
  No partner 22.4 23.2 20.2 21 15.3 21 19.6 21.7
  Partner not retired 8.4 6.6 5.6 6 7.1 5.8 6.8 6.2
  Partner retired 69.2 70.2 74.3 73 77.6 73.2 73.6 72.1
Germany 0
  No partner 28.1 21.2 20.1 20.1 21.7 22 22.1 21.2
  Partner 71.9 78.8 79.9 80.9 78.3 78 77.9 78.8
Number of working hours (%)
The Netherlands 0.4
  1-15 23.4 30.4 21.2 20.9 20.2 15.8 22 23.1
  16-31 29.9 26.1 18.2 37.4 31.9 28.4 27.3 29.6
  32-40 38.1 34.1 43.4 30.1 43.7 41.8 40.8 35.8
  ≥ 41 9.6 9.4 17.2 11.6 4.2 14 9.9 11.5
Denmark 0.7
  1-28 16.3 13.1 13.8 10.5 11.5 8.5 13.6 10
  29-36 15.6 10.8 15.8 11.5 13.2 9.5 15 10.6
  37 48.7 43.6 50.5 46.5 48.3 42.2 49.5 44.4
  ≥38 19.4 32.5 19.9 31.5 27 39.9 21.9 35
England 2.1
  1-29 21.3 22.5 22.7 25.9 36.1 35.5 25.6 26.5
  30-37 31.8 27.7 26.2 18.9 17.6 18.3 25.7 21.8
  38-44 19.3 25.5 28 30.6 25.1 28.2 24.7 28.4
  ≥ 45 27.7 24.4 23.1 24.6 21.2 18 24 23.3
Germany 0.2
  1-29 33.3 25 27.8 21.7 24.2 14.9 27.1 18.4
  30-39 22.8 21.3 25 21.7 18.5 19.9 21.8 20.7
  40-44 31.6 32.5 30.6 32 31.9 28.6 31.3 30.3
  ≥ 45 12.3 21.3 16.7 24.7 25.5 36.6 19.8 30.5
Type of exit (%)
The Netherlands 0
  Early retirement 49.5 49 53.3 50.5
  Disability 10.6 9 8.2 9.6
  Unemployment 9.2 13 11.5 10.7
  Economic inactivity 30.7 29 27.1 29.3
Denmark 0
  Early retirement 55.7 60.7 68.7 69.9
  Disability 5.8 6.2 3.3 5.3
  Unemployment 38.5 33.1 28 24.8
continued
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Education
Low early 
exit Censored
Intermediate 
early exit Censored
High early 
exit Censored
Total early 
exit Censored
% missing 
before MI
England 0
  Early retirement 43 59.7 79.4 59.7
  Disability 18.6 10.9 3.7 11.4
  Unemployment 20.1 14 8.8 14.5
  Economic inactivity 18.3 15.4 8.1 14.5
Germany 0
  Early retirement 36.8 45.1 52.2 46.9
  Disability 12.3 3.5 7 6.4
  Unemployment 21.1 20.8 12.7 17.3
  Economic inactivity 29.8 30.6 28 29.3
Less than good SRH (%)
  The Netherlands 25.1 27.8 24.2 21.4 10.9 13.4 21.1 21.3 0
  Denmark 29.8 24.9 23.2 15.9 17.8 11 22.9 15.1 0.4
  England 56.4 47.1 46.1 37.3 28.4 29.6 44.7 39.2 0
  Germany 43.9 38.8 42.4 47.3 38.9 34.3 41.1 39.8 0.2
Functional limitations (%)
  The Netherlands 16.4 12.2 14.1 16 3.4 5.8 12.4 10.9 0
  Denmark 2.3 2.7 3 1 2.2 1.2 2.7 1.3 0.5
  England 4.3 1.3 3.3 1.5 0.7 1 2.9 1.3 0
  Germany 28.1 21.3 23.6 26.8 23.6 16.5 24.3 21 0
Depression (%)
  The Netherlands 10.1 8.2 7.1 3.9 6.7 5.8 8.5 6.4 0
  Denmark 7 2 5.6 2.2 6.7 3.8 6.3 2.3 0
  England 19.2 12.7 12.5 10.6 8.5 8.6 13.5 11 0
  Germany 19.3 11.3 16.7 14.6 15.9 9.8 16.8 11.8 0.6
*Percentages reported in irst rows (sample size) are percentages of incomplete cases.
MI, multiple imputation; SRH, self- rated health.
Table 1 continued
Table 2 Main effects of health on early retirement, economic inactivity, disability and unemployment
Early retirement HRb (95% CI) Economic inactivity HRb (95% CI) Disability HRb (95% CI) Unemployment HRb (95% CI)
Less than good SRH
The Netherlands 0.86 (0.59 to 1.24) 1.01 (0.64 to 1.59) 5.86 (3.05 to 11.25)** 1.58 (0.80 to 3.10)
Denmark 1.51 (1.28 to 1.78)** N/A 8.14 (5.33 to 12.44)** 1.72 (1.45 to 2.04)**
England 1.15 (1.00 to 1.34)† 1.14 (0.82 to 1.59) 5.77 (3.75 to 8.90)** 1.72 (1.27 to 2.33)**
Germany 1.08 (0.79 to 1.47) 1.15 (0.78 to 1.70) N/Ac 1.46 (0.90 to 2.38)
Functional limitations
The Netherlands 0.70 (0.41 to 1.21) 1.15 (0.71 to 1.88) 7.30 (4.03 to 13.22)** 1.01 (0.41 to 2.50)
Denmark 1.08 (0.62 to 1.88) N/A 6.65 (3.54 to 12.51)** 1.32 (0.79 to 2.21)
England 1.49 (0.93 to 2.40)† 2.28 (1.06 to 4.89)* 10.42 (6.48 to 16.75)** 1.59 (0.65 to 3.94)
Germany 1.29 (0.94 to 1.77) 1.57 (1.03 to 2.38)* N/Ac 0.88 (0.47 to 1.64)
Depression
The Netherlands 0.82 (0.43 to 1.59) 1.70 (0.95 to 3.03)† 5.56 (2.67 to 11.60)** 0.93 (0.28 to 3.07)
Denmark 1.49 (1.10 to 2.03)* N/A 3.33 (1.84 to 6.05)** 2.30 (1.75 to 3.04)**
England 1.12 (0.87 to 1.44) 1.73 (1.15 to 2.60)** 3.30 (2.25 to 4.84)** 1.58 (1.05 to 2.38)*
Germany 1.26 (0.79 to 2.01) 1.77 (1.06 to 2.98)* N/Ac 0.72 (0.30 to 1.71)
†p≤0.10; *p≤0.05; **p≤0.01. b HR adjusted for education, sex, age at study entry, year, partner status, number of working hours and region.
cCase number (n=23) too low.
SRH, self- rated health.
In Denmark, the opposite effect was found. Functional limita-
tions was a risk factor in intermediately and highly educated 
workers only. Cause- specific analyses showed educational differ-
ences only for the disability (low: HR 1.06, 95% CI 0.13 to 
8.53; intermediate: HR 13.01, 95% CI 5.72 to 29.6; high: HR 
9.15, 95% CI 2.79 to 30.02) and unemployment (low: HR 0.27, 
95% CI 0.04 to 1.96; intermediate: HR 2.89, 95% CI 1.66 to 
5.03; high: HR 0.36, 95% CI 0.05 to 2.57) route.
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Table 3 HRs for early work exit by educational level
Netherlands Denmark England Germany
HRd (95%CI) HRd (95%CI) HRd (95%CI) HRd (95%CI)
Less than good SRH 1.23 (0.97 to 1.55)† 1.90 (1.68 to 2.14)** 1.44 (1.28 to 1.63)** 1.17 (0.98 to 1.41)†
Low education 1.09 (0.81 to 1.46) 1.93 (1.52 to 2.46)** 1.66 (1.34 to 2.05)** 1.12 (0.71 to 1.78)
Intermediate education 1.56 (0.97 to 2.50)† 1.91 (1.62 to 2.25)** 1.47 (1.24 to 1.74)** 1.06 (0.80 to 1.41)
High education 1.34 (0.77 to 2.33) 1.97 (1.53 to 2.53)** 1.18 (0.93 to 1.50) 1.32 (0.99 to 1.75)†
Functional limitations 1.24 (0.95 to 1.65) 1.67 (1.19 to 2.34)** 2.58 (1.91 to 3.50)** 1.43 (1.18 to 
1.75)**
Low education 1.50 (1.08 to 2.09)* 0.76 (0.31 to 1.86) 2.67 (1.65 to 4.34)** 1.44 (0.90 to 2.30)
Intermediate education 1.27 (0.72 to 2.25) 2.42 (1.56 to 3.74)** 3.00 (2.06 to 4.36)** 1.38 (1.02 to 1.86)*
High education 0.51 (0.19 to 1.40) 1.74 (0.89 to 3.42) 1.30 (0.46 to 3.66) 1.49 (1.08 to 2.05)*
Depression 1.77 (1.37 to 2.29)** 2.10 (1.71 to 2.58)** 1.54 (1.29 to 1.83)** 1.54 (1.18 to 
2.00)**
Low education 1.41 (0.93 to 2.12) 1.75 (1.14 to 2.68)* 1.57 (1.19 to 2.07)** 1.64 (0.94 to 2.87)†
Intermediate education 1.72 (0.76 to 3.89) 2.05 (1.49 to 2.81)** 1.40 (1.09 to 1.80)** 1.26 (0.84 to 1.88)
High education 1.82 (1.00 to 3.31)* 2.79 (1.93 to 4.05)** 1.70 (1.17 to 2.47)** 1.97 (1.31 to 
2.96)**
†p≤ .10; * p ≤ .05; ** p ≤ .01. d HR adjusted for age at study entry, sex, year, partner status, number of working hours and region. HRs in bold indicate a signiicant interaction 
(p<.10) between health and education (ref.cat=low).
SRH, self- rated health.
DISCUSSION
The aim of this study was to examine the role of SRH, func-
tional limitations and depression as risk factors for early work 
exit among older workers across educational levels.
Low educated workers more often had poor SRH, func-
tional limitations and a depression compared with higher 
educated workers. This was evident in all four participating 
countries. All three health indicators were associated with early 
work exit. Health effects were strongest for the disability exit 
route, supporting findings of earlier research.12 Poor physical 
and mental health also increased the risk of early retirement, 
economic inactivity and unemployment. However, country 
differences were found in these associations. In the Netherlands, 
poor health was not associated with a higher risk of early retire-
ment. The Dutch early retirement schemes used to be relatively 
flexible and generous compared with the other countries, espe-
cially before the reforms in 2006.36 Therefore, Dutch workers 
who were still in good health may also have chosen to retire 
early to preserve their good health,2 without making a large 
financial sacrifice for their extended time in retirement.
In Germany and the Netherlands, functional limitations and 
depression were not associated with a higher risk of unemploy-
ment, while we did find these associations in Denmark and 
England. This may be because in Germany and the Netherlands, 
employment protection legislation is stricter than in Denmark 
and England,35 making it harder for firms to make workers 
redundant, for example because of their health problems.
In the Netherlands and England, the effect of functional 
limitations on early work exit was stronger in low and inter-
mediately educated workers than in highly educated workers. 
This corresponds to our expectation that functional limitations 
cause difficulty performing the type of work that lower educated 
workers generally do and that in such cases they qualify for 
disability benefits sooner. Indeed, the cause- specific models in 
the Dutch data show that these educational differences were 
found only for the disability exit route. In the English data set, 
such analyses were not possible, due to the very low number of 
workers with functional limitations. In England, we also found 
that poor SRH was a stronger risk factor for early retirement 
in low compared with higher educated workers. It may be that 
low educated workers in poor SRH, who were not eligible for 
disability pension but also not able to continue working, chose 
to retire early. However, further research on motives of early 
retirement is necessary to clarify these findings.
In Denmark, functional limitations was a risk factor for 
disability and unemployment among workers with an interme-
diate and high educational level only. This lack of effect in the 
low educated Danish workers is likely due to the healthy worker 
effect,37 that is, workers with functional limitations may have 
already left the workforce prior to entering our study, especially 
the lower educated workers, who more often have physically 
demanding jobs. Indeed, the number of Danish workers with 
functional limitations was very low and we did not find the 
usual educational gradient for functional limitations. Those still 
working with functional limitations may have less severe limita-
tions, or may have jobs that accommodate their health problems 
better.
In contrast to the majority of existing research on determi-
nants of early work exit which has paid limited attention to 
educational differences and tended to focus on a single health 
indicator, we conducted coordinated analyses in four longi-
tudinal data sets to maximise generalisability of our findings 
across different national contexts and focussed on the modifying 
effect of educational level. We also included mental and physical 
health indicators as possible risk factors. Our study shows that 
results for one health indicator cannot necessarily be transferred 
to another and that the modifying effect of education differs 
between countries.
Our study has some limitations. Because all data sets included 
older workers only, the effects of health on early work exit may 
be underestimated due to the healthy worker effect.37 Further-
more, the main effects of health on disability pension could not 
be examined in Germany due to the low number of disability 
exits. Also, we could not examine educational differences in all 
cause- specific models, because of the low number of events in 
some of the educational strata and the low number of unhealthy 
cases in some countries. Further research should therefore make 
use of larger data sets to replicate our results and differentiate 
between the various exit routes, to explore the educational 
differences more in- depth. So far, in most studies on the relation 
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between health and early work exit, education has been treated 
as a confounder. Our findings, however, highlight the impor-
tance of taking into account the possible modifying effect of 
education in studies regarding health and early work exit.
The data sets used in our study differ in the age range of the 
participants as well as in the follow- up time. This may affect 
the results. However, because we used a coordinated anal-
ysis approach and thus conducted identical analyses and used 
measurements as similar as possible, country differences are less 
likely due to differences in the study design, but rather to actual 
country differences in factors at the individual, company and/
or state level.26 The country differences found in the modifying 
role of education may give insight into other factors contrib-
uting to inequalities in early work exit. These contextual factors 
may explain the inconsistency of results from previous studies 
investigating the modifying role of socioeconomic position in 
the relation between health and work exit.1720
Poor SRH, functional limitations and depression were risk 
factors for early exit from paid work in all four countries. 
These effects were strongest for the disability exit route. These 
health problems increase with age. With retirement ages rising, 
it is important to implement policies to improve health in older 
workers to prevent early work exit as well as to facilitate working 
by making tailored adjustments for workers with health prob-
lems. Not only are health problems more common among the 
lower educated, in some countries the effects of health on early 
work exit are also stronger in this group of workers. Therefore, 
lower educated older workers are an important target group for 
health policy and intervention.
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